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The primo vascular system was recently observed in the central nervous systems of
rabbits and rats, but no investigations in large animals have been reported. In the present
work we found a putative primo vascular system in the spinal cord of a pig. We obtained
spines from four healthy pigs and fixed them with paraformaldehyde. The primo vessels
were expected to lie in the subarachnoid space between the pia mater and the arachnoid
mater. The composite of three membranes (the pia, the arachnoid, and the dura maters)
wrapping the spinal cord was peeled off, isolated from the spine, and put on a slide glass.
This composite was stained with 40,60-Diamidino-2-phenylindole (DAPI) and phalloidin to
show the nuclei and the f-actin, respectively, in the cells of the primo vessels. We
observed eleven pieces of the putative primo vessels in the subarachnoid space of the
spines at the thoracic spinal nerve area. They had the typical rod-shaped nuclei distrib-
uted in a broken line, and f-actin signals around nuclei. The lengths of the nuclei were
12e15 mm, and the thicknesses of the primo vessels were 8w20 mm, which were consis-
tent with other primo vessels that had been observed in the various organs of rabbits,
rats, and mice. In addition, we observed branching of the primo vessels, which is again
an expected result from previous works. In conclusion, a primo vessel was observed in
the subarachnoid space of the spinal cord of a pig. This was the first observation of a primo
vessel in a large animal, and the staining method used to observe the primo vessel in a
fixed sample was newly developed in this work.Research Center, Advanced Institutes of Convergence Technology, Seoul National University, 864-1,
Gyeonggi-do, 443-270, Republic of Korea (R. Cha). Graduate School of Integrative Medicine, Sun Moon
yoon, Asan, Chungnam, 336-708, Republic of Korea (M.S. Lee).
er.com (R. Cha), kinesiolee@daum.net (M.S. Lee)
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PVS in a pig 2271. Introduction
subsequent washing with phosphate buffer solution wasThe spinal cord is a long, thin, tubular bundle of nervous
tissue and support cells that extends from the medulla of
the brain. The brain and the spinal cord together make up
the central nervous system. The spinal cord extends down
to the space between the first and the second lumbar
vertebrae; it does not extend the entire length of the
vertebral column. The spinal cord is the main information
pathway connecting the brain and the peripheral nervous
system [1].
The three meninges that cover the spinal cord are
continuous with that in the brainstem and cerebral hemi-
spheres. The cord is stabilized within the dura mater by
the connecting denticulate ligament, which extends from
the enveloping pia mater laterally between the dorsal and
the ventral roots. The spinal cord is protected by the three
layers of tissue, called spinal meninges, which surround the
cord. The dura mater is the outermost layer, and it forms
a tough protective coating. The arachnoid mater is the
middle protective layer. The space between the arachnoid
and the underlying pia mater is called the subarachnoid
space. The pia mater is the innermost protective layer [1,2].
The primo vascular system (PVS) in the central nervous
system was first reported by Bong-Han Kim in North Korea in
the 1960s. He stated, “The nerve PVS is soft and semi-
transparent and its color looks milky white. It has two or
four subvessels and their nuclei are separated from each
other farther than those of other primo vessels. And their
cells have elliptical nuclei from 10 to 20 mm long” [3,4].
The research on the PVS was newly started in 2002 by
the Seoul National University group [5,6]. They found the
PVS inside blood vessel and analyzed it with histological
methods such as hematoxyline & eosin (H&E), Verhoeff [7].
Since 2007, visualization of the PVS has been performed by
using Alcian blue [8], and a technique with trypan blueFigure 1 (A) Cross section of the spinal cord of a pig after the du
the pia maters (arrow) was stripped from the spinal cord and put o
mater was put on a slide glass for 40,60-Diamidino-2-phenylindole (spreading on adipose tissue or on organ surfaces with
developed to reveal hardly visible primo vascular systems
[1,9,10]. The trypan-blue-stained structures were exam-
ined with 40,60-Diamidino-2-phenylindole (DAPI) staining.
DAPI staining showed the characteristic shapes of nuclei
and the distribution of the PVS, which were different from
blood vessels or lymphatic vessels [1,11e13]. In addition,
phalloidin staining of f-actin of some cells was helpful in
differentiating the PVS from blood or lymph vessels and
from nerves.
As Bong-Han Kim stated [3,4] and has been confirmed by
recent work on the PVS in the brains of rabbits [11] and rats
[14] examining the shape and the distribution of the nuclei
of the isolated threadlike tissue specimens have so far been
the most effective way to detect and identify the PVS, even
though more histological analyses are necessary to prove its
genuineness. Thus, we used this feature, which is effective
in distinguishing the PVS from blood vessels, nerve bundles,
and torn pieces of membranes, to find the PVS in the spinal
cord of a pig. One of the most difficult problems in iden-
tifying the PVS is the similarity between primo vessels and
lymph vessels. Fortunately, in the present case, no
lymphatic system exists in the central nervous system [13],
so no such problem occurs.
The significance of the current work is the first finding of
the PVS in the subarachnoid space of the spinal cord of
a pig. Even though a trypan blue injection method was used
to observe the PVS in the rat spinal cord [1], this is the first
time a large animal was examined in this respect. The PVS
in a pig was previously studied for the case of organ
surfaces [15], but observation of the PVS in the spinal cord
of a pig opens a new frontier of spine anatomy that may
provide hitherto unknown physiological functions in
connection with various spine-related diseases like amyo-
trophic lateral sclerosis.ra mater was peeled away; (B) composite of the arachnoid and
n the finger with tweezers; (C) composite (arrow) with the pia
DAPI) and phalloidin staining.
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Y2.1. Animals and sample preparation
Four healthy pigs aged 8w10 months weighing 90w110 kg
were obtained from Hyung-Jae Distribution Company
(Kimpo City, Korea). The spines with vertebra were
dissected with a chain saw (Bosch, GKS190, Germany). The
spines were kept in a refrigerator for 2 hours at a temper-
ature of e18C from decapitation to isolation of the spine
was 26 hours. We obtained the spines with bone and
separated the spinal cords in our laboratory later.
The spines were put in PFA (paraformaldehede, SIGMA,
Z272736, St. Louis, MO, USA) and were maintained for 1
week in the refrigerator (e18C). The spines were opened 1
hour before the experiment and were washed twice with
37C phospate buffered solution (PBS; NaCl: 80 g, KCl: 2 g,
Na2HPO4 : 14.4 g, KH2PO4 : 2.4 g, distilled water: 800 ml,
set pH Z 7.4, add distilled water to 1000 ml, Sigma, USA).
The spinal cords were separated from the vertebrae and cut
into 16 pieces (about 3.5w4.1 cm per piece from C5wL2) in
a cross way with a blade (Feather Safety Razor Co., Osaka,
Japan).
We peeled off the dura mater of the spinal cord with
a blade (Feather Safety Razor Co., Osaka, Japan) and
lightly incised the surface of the ventral part of the spinal
cord along the vein. We opened the gap between the cortex
and the pia mater, held the composite of the pia and the
dura maters with tweezers (Otto Frei & Jules Borel Inc,
Oakland, CA, USA), and detached them from the cortex. We
put the exfoliated membrane-composite on a slide glass
(Muto Pure Chemicals Co., Tokyo, Japan) with the pia
mater side up and spread the sample with tweezers,
dropping a few drops of PBS to prevent dryness (Fig. 1).T
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.2.2. Staining and observation with microscopes
We applied DAPI and phalloidin reagents for staining of
nuclei and f-actins in the cells. After a 1-hour DAPI (Invi-
trogen, ProLong Gold Antifade Reagent with DAPI, St.
Louis, MO, USA) staining, we washed the sample with PBS
three times. The phalloidin (Invitrogen, Rhodamine Phal-
loidin, St. Louis, MO, USA) staining was done in the same
way as the DAPI staining.
After the samples had been washed, we drained them
and poured Neomount (Sigma, M1289-10ML, USA) solution
on the spinal cord with care not to make bubbles and noise
at this time, because, if not, the neomount became too
thick to investigate the primo vessels with a high-
magnification microscope. We placed the cover glass on
the sample gently. Note that the cover should be main-
tained level for easy observation.
The spinal cord was investigated under a phase contrast
microscope (Olympus Model #BX51, Tokyo, Japan) and
a fluorescent microscope (Olympus MVX10, Tokyo, Japan) in
order to observe the distribution of nuclei and the F-actin
of the primo vessels with DAPI and phalloidin stainings,
respectively. Confocal laser scanning microscopy (CLSM;
Nikon, C1 plus, Tokyo, Japan) was used to optically
examine sections of the threadlike primo vessel [13].
Figure 2 (A) Primo vascular system, indicated with yellow-colored curves, in the spinal cord of a rabbit as illustrated by Bong-
Han Kim [2,3]. The blood vessels are on the pia mater, which is surrounded by a blue-colored membrane, the arachnoid mater;
(B) pig spinal cord separated from the vertebrae (C5eL2, 57.5 cm) and covered with the arachnoid mater and the dura mater. The
yellow circles indicate the sites where we observed primo vessels; (C) schematic dorsal view of the blood vessels (red color) and the
nerve roots (black slanted lines). The primo vessels (blue color) observed in this experiment. C and T stand for cervic and thoracic
vertaebrae, respectively. The diameters and the lengths of the primo vessels are shown. The #’s in the PV indicate the four subject
pigs. PV Z primo vessel.
Figure 3 (A) Composite of the arachnoid and the pia maters on the pig’s spinal cord (#4 in the T5 area) before being peeling off;
(B) composite was peeled off and put on the slide with the pia mater side up. The arrows in (A) and (B) point to the primo vessel.
Some large blood vessels are recognizable. The primo vessel is seen on the dorsal side.
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Figure 4 Green fluorescent images of F-actin with phalloidin staining, and blue fluorescent images of nuclei with 40,60’-Dia-
midino-2-phenylindole (DAPI) staining of the primo vessel (PV 1 #4 in the T5 area) in Fig. 2. The thickness of the primo vessel was
about 8 mm. The primo vessel in (A) the main line and (B) the branch from it; (C) rod-shaped nuclei in the main primo vessel and (D)
those in the branch; (E) and (F) are magnified views of (C) and (D), respectively. (Arrows are primo vessels, arrow heads are nuclei,
and thick arrows are blood vessels.) PV Z primo vessel.
Figure 5 Confocal laser scanning microscopic Images of nuclei inside the primo vessel of Fig. 4E indicated as A1 and A2,
respectively. The four panels are optical sections from the top surface of the primo vessel to the bottom surface in steps of 10 mm.
These panels clearly show that the rod-shaped nuclei are inside the primo vessel, as expected from the endothelial cells of the
primo vessel.
230 S.-H. Moon et al.
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3.1. Anatomical data
The primo vessels, which were observed in the subarach-
noid space between the pia and the arachnoid maters with
this experiment, are summarized in Table 1. Fig. 2A illus-
trates the primo vessels in the spinal cord of a rabbit as
yellow curves are in Bong-Han Kim’s original report [2,3].
The primo vessels were located in the subarachnoid space
between the pia and the arachnoid maters. A specimen of
the spinal cord taken from a pig’s vertebra is shown in (B).
The primo vessels that we observed in the four pigs (#1 to
#4) are depicted in illustration (C) with blue lines. The
locations and the size of the four PVs (1e4) of pig #4 are
described more specifically as follows: PV1 #4 (primo vessel
sample number 1 of pig #4) was observed on the right
lateral side of the T5 area of the spinal cord, 7000 mm from
the dorsal midline and near a vein. The diameter (D) and
the length (L) of the sample were 8 mm and 3500 mm,
respectively. PV2 #4 was observed on the right lateral side
of the T9 area of the spinal cord, 6900 mm from the dorsal
line and near the veins, (DZ 15 mm and LZ 1500 mm). PV3
#4 was observed on the left lateral side of the T9 area of
the spinal cord, 3450 mm from the dorsal line and near the
veins, (D Z 8 mm and L Z 1500 mm). PV4 #4 was observed
on the left lateral side of the T9 area of spinal cord,
6,500 mm from the dorsal midline and near the vein,
(D Z 20 mm and L Z 2500 mm). Fig. 3 shows the primoFigure 6 (A) Full viewof theprimovesselwithDAPI stainingobserve
vessel). The diameter and the lengthwere 8 mmand 3,500 mm, respect
with phalloidin and 40,60-Diamidino-2-phenylindole (DAPI), respectivel
the arachnoid mater was stripped off in (A), yet the primo vessel wasvessel is seen on the dorsal side and some large blood
vessels are recognizable.3.2. Histological data
The minimal histological analysis to discern primo vessels
from blood vessels and nerves is DAPI staining for nuclei and
phalloidin staining for the cellular F-actin distribution.
These techniques were developed to identify primo vessels
on organ surfaces [8], in blood [16] and lymph vessels [17],
and in the brain [14].
Fig. 4 shows the DAPI and the phalloidin fluorescent
images of the sample PV1 #4 in the T5 area. The shapes and
the distribution of the nuclei are in good agreement with
those seen previous in other primo vessels. The F-actin
distribution also conformed with these in previous reports.
Fig. 5 shows confocal laser scanning microscopic (CLSM)
images of optical sections in 10-mm steps from the upper to
the bottom surfaces of the primo vessel. They clearly show
that the nuclei are inside the primo vessel. These rod-
shaped nuclei were expected from Bong-Han Kim’s claim
that endothelial cells are present in the primo vessels [2,3].
The lengths of the two nuclei were 12 mm and 15 mm, which
are typical sizes for primo-vessel nuclei. Fig. 6 shows that
the primo vessel was in the subarachnoid space between
the pia and the arachnoid maters. Fig. 6B and C show that
the primo vessel was located under the arachnoid mater.
Fig. 7 is another primo vessel specimen in the T9 area
this specimen showed results similar to these for the aboved inPV1#4 in theT5area (dottedarrow:PVSbranch;arrows:primo
ively); (B) and (C) primo vessel under the arachnoidmater stained
y (arrowheads: PVS nuclei; thick arrow: blood vessel). Notice that
left by chance. PVZ primo vessel; PVSZ primo vessel system.
Figure 7 Another example of the primo vessel (PV; 4 #4) with a branch in the T9 area. The diameter and the length of the sample
were 20 mm and 2,500 mm, respectively. (A) Full view of the sample stained with 40,60-Diamidino-2-phenylindole (DAPI) (arrows:
primo vessel; dotted arrow: the branch).; (B) and (C) branching of the primo vessel stained with phalloidin and DAPI, respectively;
(D) and (E) are magnified views of (C). Rod-shaped nuclei are arrayed only in the longitudinal direction.
232 S.-H. Moon et al.specimen. These data show better the branching of the
primo vessel from the main line to the side. The distribution
of nuclei in the branch is more convincingly depicted.4. Discussion
The primo vessels in the area of the thoracic vertebrae of
the spinal cord of a pig were observed in the subarachnoid
space between the pia and the arachnoid maters. These
results are consistent with the primo vessels detected in
the subarachnoid space of rats [18]. The present work is the
first report on a primo vessel in the spinal cord of a large
animal, which suggests that primo vessels are generally
present in the spinal cords of all mammals, including
humans.
In a previous work on rats, the method of trypan blue
injection into the spine of a live animal under anesthesia
was used. By contrast, the current method of 40,60-Dia-
midino-2-phenylindole (DAPI) and phalloidin stainings for
the detection and the identification of the primo vessel
overcame the limitation of the trypan blue technique,
which requires a live animal. A specimen fixed with PFA can
be used for the current method, which provides wider
applicability. For example, this method can be easily
applied to a mouse, which is too small for trypan blue
injection into a spine. In the future, human cadavers can bestudied by using the current method whereas the trypan
blue technique is not applicable.
Another technique we developed in the current work is
how to deal with a composite of membranes, the pia, the
arachnoid, and the dura maters, to detect a primo vessel
lying in the subarachnoid space. Peeling the composite of
maters from the spinal cord and putting it on a slide glass
with the pia side up is a very effective way to prepare the
sample for staining with DAPI and phalloidin for subsequent
microscopic searches. This technique turns out to be
applicable to small animals like rabbits and mice and will be
used in our subsequent work.
The current work, being the first of its kind, has several
limitations. First of all, histological and immunohistological
data were not obtained. If the primo vessel is to be defi-
nitely discriminated from blood capillaries, nerve bundles,
and torn membranes, then these data are needed. In the
current work, we did not obtain such data because although
it can be done with mice where necessary antibodies are
available; here, we limited our purpose to developing
a simple technique for detecting primo vessels in the spinal
cord. Reports on a similar topic with mice and a more
complete analysis with histological data are in preparation.
Statistically, we did not provide sufficient data, nor did we
provide complete primo vessels fully extending from the
cervical to the lumbar vertebrae. Rather, our purpose was
to present a technique for detecting and identifying primo
PVS in a pig 233vessels in the spinal cord of an animal, which could be used
widely for various mammals from mice to human cadavers.
Based on our previous experiences [5], the minimal analysis
of the current work clearly demonstrates the effectiveness
of the current method.
The PVS in the spinal cord or more generally in the
nervous system opens a wide frontier in anatomy, physi-
ology, pathology, and disease treatments in connection
with the nervous system. Just mentioning an example, we
may envision a new drug delivery method through the PVS.
Compared with intravascular or oral administration in
which drugs circulate throughout the entire body with
reduced drug efficiency and undesirable adverse events,
drug delivery through the PVS may become a highly effi-
cient and target-oriented method with fewer side effects.
As another application, we may consider a diagnostic
modality with the PVS. As a find example, with adaptable
contrast agents for the PVS, we can detect changes in the
PVS in the spinal cord when a patient has a disease in the
spinal cord, which may provide a hitherto unavailable
diagnostic method.
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